Abstract. Mangrove fungi are known as the sources of secondary metabolites of active compounds. In the search for novel, potent, fungi-derived bioactive compounds for bioinsecticide applications, crude ethyl acetate culture filtrate extract from Emericella nidulans BPPTCC 6038 was tested for toxic activity using brine shrimp lethality bioassay against Artemia salina larvae; insecticidal activity using indirect contact bioassay against neonate of Spodotera litura larvae; and acetylcholinesterase (AChE) inhibition activity by acethylcholinesterase inhibition assay. The results showed that the extract exhibited toxic activity against A. salina larvae, rated as highly toxic at 80 ppm; exhibited insecticidal activity against S. litura larvae, causing mortality by 66.67% at 5 mg; and acetylcholinesterase inhibition activity by 47.60% at 100 ppm. The fractionation on the E. nidulans BPPTCC 6038 extract produced seven fractions, and the best insecticidal activity against S. litura neonate larvae using feeding dietary bioassay was exhibited by the fraction no. 6, causing 98.33% larval mortality at 2500 ppm. The chemical characterization of the E. nidulans BPPTCC 6038 extracts using thin layer chromatography combined with several reagents showed that the extract contained triterpenoid, saponin and phenolic compounds, and the active fraction (fraction no. 6) from E. nidulans BPPTCC 6038 contained triterpenoid and saponin compounds. Thus, the extract of the E. nidulans BPPTCC 6038 might provide new bioactive compounds to be applied as potential bioinsecticides.
INTRODUCTION
Safety and environmental issues pertaining the use of chemical insecticides have led to the development of alternative insect control measures such as bioinsecticides. Bioinsecticides may be derived from animals, plants, and microorganisms, including living organisms (natural enemies) and their products (phytochemicals, microbial products) or by-products (semiochemicals), which can be used for the management of pests [1] . To fulfill this purpose, many research activities were conducted to explore insecticidal, active compounds from natural products such as plants, bacteria, and fungi. Mangrove plants have displayed various levels of biological activities, including antibacterial, antifungal, antiplasmodial, hepatoprotective, larvicidal, and antifertility activities [2] . Rhizophoraceae mangrove plants are applied as medicinal plants in East and Southeast Asia. The study conducted by Ali et al. [2] revealed that ethanolic extracts from the bark and stilt root of R. mucronata have significant larvicidal as well as repellent activities against Aedes aegypti larvae. Mangrove plants are also known as sources of endophytic fungi [3, 4] . Mangrove endophytic fungi have been recognized as the source of bioactive compounds since the mangrove ecosystem has unique conditions that influence the fungal metabolite. Mangrove fungi are a group of marine-derived fungi that produce new chemical compounds [3] , and provide a wide variety of bioactive secondary metabolites with unique structures, including alkaloids, benzopyranones, chinones, flavonoids, phenolic acids, quinones, steroids, terpenoids, tetralones, xanthones, and others [5] . Many researchers explore the active compounds from mangrove fungal secondary metabolites for pharmaceutical application, but the exploration for agrochemical applications is still very limited [4] .
Since the application of fungal secondary metabolites in agrochemical is still limited, this study is aimed to develop a bioinsecticide from the mangrove endophytic fungi secondary metabolites. In order to obtain bioactive compounds from mangrove endophytic fungi, ethyl acetate extract from culture filtrate of mangrove fungal strain E. nidulans BPPTCC 6038, which was obtained from Rhizophora mucronata mangrove plant, was screened for their toxic activity against Artemia salina larvae, followed by screening for their insecticidal activities on S. litura larvae. Further, the extract was characterized using thin layer chromatography combined with several reagents to detect several compounds contained in the extract.
MATERIALS AND METHODS
Organisms, Fermentation and Extraction of Culture Filtrates. Fungal strain E. nidulans BPPTCC 6038 was isolated from the R. mucronata and deposited in Badan Pengkajian dan Penerapan Teknologi Culture Collection (BPPTCC), Tangerang, Indonesia. Brine shrimp (Artemia salina) used for the lethality bioassay were hatched from brine shrimp eggs (Pfizer Consumer Inc., New York, USA). One gram of A. salina eggs were hatched in 1,000 mL of artificial seawater with air bubbling and artificial illumination for 36 h [6] . The phototropic nauplii (larvae) were collected with a pipette from the part which is exposed by light and concentrated in a 7 mL test tube. Spodoptera litura larvae were obtained from laboratory colonies maintained by the Center for Bioindustrial Technology, Badan Pengkajian dan Penerapan Teknologi, Tangerang, Indonesia. The fermentation and extraction procedures were performed as per methods described by Abraham et al. [7] . The ethyl acetate of fungal culture filtrate extract was tested for toxic and insecticidal activities.
Brine Shrimp Lethality Bioassay and Indirect Contact Bioassay. A brine shrimp lethality bioassay using larvae of A. salina was performed for the preliminary evaluation of toxicity the fungal extract. The bioassay was conducted to determine the 50% lethal concentration (LC 50 ) of the fungal culture ethyl acetate extract. The bioassay method was conducted according to the method described by Abraham et al. [7] . The insecticidal activity of the fungal extract was tested using the indirect contact bioassay [8] . Five milligrams of extract was suspended in 1 mL of acetone. The extract suspension was sprayed into the test tube (1 cm diameter and 7 cm length). The test tube was rolled to spread the extract homogeny and the excess acetone was evaporated for 2 h. Twenty of S. litura neonate larvae were introduced into the tube, covered with tissue paper and the larval incubated to contact with the extract for 2 h. The acetone was used as negative control. After 2 h the larvae were introduced to artificial diet in 100 mL of plastic cup covered with cotton sheets for 6 d. On the sixth day, the survived larvae were counted and weighed.
The Acethylcholinesterase Inhibition Assay. Fungal extracts were evaluated spectrophotometrically for AChE inhibition potential using AChE iodide (AChI; Sigma) as a substrate, following Ellman's assay [9] , and described by Abraham et al. [7] . Each assay was performed in three replications and the AChE inhibitory value was taken as the average of three independent experiments. The percentage of enzyme activity and percentage of inhibition were calculated according to the equation in Ellman's assay [9] .
The fractionation and characterization of the E. nidulans BPPTCC 6038 extract. The isolation of fungal active compound from the crude extract was conducted using column chromatography with silica gel C60F254 as stationary phase and 4 mL of ethyl acetate, methanol and aquadest (100:13.3:10) as mobile phase [8] . The fractionation was performed at 2 ml to 3 ml per 5 min, and the obtained fractions were collected using fraction collector and the same fraction, based on thin layer chromatography data, were dried using rotary evaporator. Each fraction was tested for insecticidal activity on S. litura larvae using feeding dietary bioassay. The crude extract and active fraction were further characterized using thin layer chromatography combined with several reagents to detect several compounds, i.e phenol, triterpenoids, alkaloid, saponin and fatty acid [10] .
Feeding dietary bioassay. Larvacidal activity of fungal extract fractions and crude extract were evaluated using no-choice feeding dietary method described by Abraham et al. [7] . The artificial diet and twenty neonate larvae of S. litura were introduced into 100 mL plastic cups and covered with cotton sheets. Each concentration was performed with three replications. Acetone was served as negative control since acetone was used to dissolve the extract and deltametrhin 25 g/L (Decis, Bayer CropScience, Jakarta, Indonesia) was used as positive control. The experiment was performed at room temperature for 6 d. Larval mortality was recorded after 6 d of treatment. The larval mortality was calculated according to formula of Arivoli and Tennyson [11] and corrections were performed when necessary using Abbott's formula [12] .
RESULTS AND DISCUSSION
The results from brine shrimp lethality bioassay of the fungal crude extract and fractions at several concentrations (2.5, 5, 10, 20, 40, and 80 ppm) showed that the toxicity degree increased by the increase of the extract concentration. The result from the bioassay is shown in Table 1 . The mortality rates of the fungal extract in this experiment are ranged from 21.67% to 81.67% at concentrations range of 2.5 ppm to 80 ppm. Qiao et al. [13] reported that six indoloditerpene derivatives from the endophytic fungus Aspergillus oryzae, which were isolated from the marine red algae Heterosiphonia japonica, displayed a mortality rate of 31.4~74.2% against Artemia salina at a concentration of 100 μg/mL (0.1 ppm). The mortality rate from this experiment is higher than result from Qiao et al. [13] , indicated the potential toxic activity of fungal extract.
The result from indirect contact bioassay, as shown in Table 2 , exhibited 66.67% mortality which was lower than positive control deltamethrin insecticide (100% mortality) at the same concentration. Deltamethrin is known as insecticide with contact activity. Since the extract in this experiment was the crude extract, the activity of the extract was relatively high and indicated the potential activity as contact poison. The AChE inhibitor assay results for fungal extracts and the standard drug eserine at a concentration of 100 ppm are summarized in Table 3 . The inhibition rates of the extract and extract fraction were 47.6% and 45.04%, respectively, while eserine had an inhibition rate of 96.78%. The extracts used were crude extracts, therefore their potential as AChE inhibition compounds sources makes them suitable to serve as neurotoxins. In a previous study, Qiao et al. [13] reported that the AChE inhibitory activity of six indoloditerpene derivatives produced by the endophytic fungus A. oryzae were ranged from 4% to 16.4% at a concentration of 100 μg/mL (0.1 ppm).
The fractionation of the ethyl acetate extract produced seven fractions and the characterization of the extract and extract active fraction (fraction no.6) showed that the extract contained saponin, terpene and phenolic compounds and the fraction no. 6 contained saponin and terpene ( Table 4 ). The crude extract of E. nidulans isolated from marine algae reported by Hawas et al. [14] was contained with the triterpenoid compound and crude extract of Aspergillus awamori, endophytic fungi from Rauwolfia serpentine, was reported to contain saponin, phenolic, terpene and flavonoid compounds. As seen in Table 5 , the feeding dietary bioassay from E. nidulans ethyl acetate crude extract and fractions showed that the crude extract and the seven fractions exhibited the insecticidal activity and the fraction no. 6 exhibited the highest insecticidal activity. The insecticidal activity from seven fractions was higher than the crude extract, and the insecticidal activity from fraction no. 6 was equal with positive control, commercial insecticide deltamethrin.
In summary, the ethyl acetate extracts of culture filtrates from mangrove endophytic fungi E. nidulans BPPTCC 6038 exhibited high toxicities against brine shrimp and S. litura larvae as well as AChE inhibitors. Thus, the extract of the E. nidulans BPPTCC 6038 might provide new bioactive compounds to be applied as potential bioinsecticides.
